The floricolous yeasts and filamentous fungi of 44 samples of flowers from both ornamental (20 samples) and edible fruit plants (24 samples) were evaluated. The general isolation medium DRBC supported more fungal species diversity in both flowers, than the xerophilic media (DG18 and MY50G). The highest numbers of fungal propagules were recovered on DG18 from flowers of ornamental plants, while the lowest on MY50G from flowers of edible plants. Yeasts constituted small proportion of propagules from the two flower types on the three media. Yeasts were represented by 18 genera and 26 species. Metschnikowia (3 species, from which M. reukaufii and M. viticola), Candida (4 species, from which C. riodocensis and C. vaccinia), Cryptococcus (C. albidus var. kuetzingii), Meyerozyma (M. guilliermondii), Naganishia (N. diffluens), Rhodotorula (2 spp., R. mucilaginosa), and Vishniacozyma (2 spp., V. carnescens) were infrequently encountered on the three media, beside Filobasidium (2 species), Galactomyces (G. candidus), Papiliotrema (P. flavescens), Pichia (P. kluyveri), and Sporidiobolus (S. metaroseus) which were recorded on two media. Some other yeast species were recovered only from one flower type but not from the other. Cladosporium (10 species) was the most common genus (100 % of samples from both types of flowers), accounting from 66.45 % to 87.25 % of total fungi. C. herbarum, C. cladosporioides, C. oxysporum, and C. sphaerospermum were recovered in high frequency from both types of flowers, but C. herbarum yielded the major proportion (61.23 % to 75.77 % of total fungi). Other filamentous fungi e.g. Alternaria (19 species, from which A. alternata and A. chlamydospora), Aspergillus (47 species, from which A. flavus, A. niger, and A. terreus), Penicillium (29 spp., P. chrysogenum and P. olsonii), Fusarium (12 spp., F. incarnatum, F. solani, and F. verticillioides), and Stemphylium (3 species, S. botryosum and S. sarrciniforme) were found contaminating all flowers on almost all isolation media.
Introduction
Flowers usually harbour yeast communities which are thought to be vectored by flowerassociated insects (Lachance et al. 2001a , b, Pozo et al. 2011 . The yeasts in the flowers are either active colonists of the flower nectar (Brysch-Herzberg 2004 , Herrera et al. 2009 , 2010 al.
Isolation of flower-dwelling fungi
The dilution-plate method was used for enumeration of different fungal species as described by Johnson & Curl (1972) and employed in this laboratory by Moubasher and his collaborators as follows: Ten g of whole flowers were placed in a sterile 250 ml Erlenmeyer flask containing 90 ml of sterile distilled water. The flask containing the suspension was shaken on a mechanical orbital shaker for 30 minutes. A serial dilution was repeated until the desired final dilution was (1:1000) reached which supports a total of about 25-40 colonies per plate. One ml of the desired dilution was transferred aseptically into each of several Petri-dishes and ~20 ml / plate of an appropriate agar medium were added. Five plates for each medium type were incubated at 28ºC for 1-2 weeks during which the developing fungi were counted and isolated for further identification and the number of colony forming units (CFUs) was calculated per g flower sample. Isolates of different fungi were maintained on YM (for yeasts), Czapek's agar and malt extract agar slants (for filamentous fungi) and stored at 5°C till confirming the identification.
Media used for isolation of fungi from different sources
Dichloran rose bengal chloramphenicol agar (DRBC) King et al. (1979) of the following composition was used: (g/l): peptone 5, potassium dihydrogen phosphate 1, magnesium sulphate 0.5, glucose 10, agar 15. Dichloran at 2 μg/ml was used to limit the growth of mucoraceous fungi, and Rose bengal (25 μg/ml) and chloramphenicol (100 μg/ml) were used as bacteriostatic agents. Hocking & Pitt (1980) of the following composition was employed: (g/l): glucose 10, peptone 5, potassium phosphate monobasic 1, magnesium sulfate heptahydrate 0.5, dichloran (0.2 % in ethanol, w/v) 1 ml, agar 15, chloramphenicol 0.1, glycerol 220, Distilled water 1000 ml. This medium is recommended for enumeration and isolation of yeasts and moulds. The low water activity of this medium reduces interference by bacteria and fast-growing fungi. Pitt & Hocking (1985) of the following composition was employed: (g/l): malt extract 10, yeast extract 2.5, agar 10, glucose 500, distilled water 500 ml. Agar, yeast extract, and malt extract are added to water and boiled to dissolve agar. Glucose is slowly added while stirring to avoid lumps. The medium is dispensed as required and autoclaved at 121 °C for 30 minutes.
Dichloran 18% Glycerol Agar Base (DG18)

Malt Extract Yeast Extract 50% Glucose Agar (MY50G)
Phenotypic identification of fungi
The filamentous fungi were identified based on their macro-and microscopical features following the keys of Raper & Fennell (1965) , Ellis (1971) , Pitt (1979) , Sutton (1980) , Moubasher (1993 ), De Hoog et al. (2000 , Zare & Gams (2004) , Leslie & Summerell (2006) , Samson & Varga (2007) , Domsch et al. (2007) , Crous et al. (2007) , Simmons (1967 Simmons ( , 2007 , Seifert et al. (2011) for filamentous fungi and Barnett et al. (2000) for yeasts.
Physiological characters of yeast strains
Biochemical characteristics were performed for yeasts (Table 2) . A fermentation test of sugars was performed and oxidative utilization of carbon compounds was tested according to Barnett et al. (2000) . The growth of yeast strains on nine nitrogen compounds (potassium nitrate, sodium nitrite, ethylamine-HCl, L-lysine-HCl, creatine, creatinine, D-glucosamine, imidazole, Dtryptophan) was also determined (Suh et al. 2008) . Hydrolysis of urea, growth at high osmotic pressure, growth at different temperatures, growth in the presence of cycloheximide, diazonium blue B (DBB) and production of extracellular starch-like compounds were also performed. Identification keys of Barnett et al. (2000) were employed to assign each isolate to species level. Confirmations of these identifications were carried out using molecular techniques.
Genotypic identification of yeast strains
The fungus was grown at 25 °C on CYA plates for 7 days (for filamentous isolates) and on YM plates for 2 days (for yeast isolates). A small amount of fungal biomass was scraped off and suspended in 100 µl of distilled water and boiled at 100 C for 15 minutes following the manufacturer's protocol (SolGent Company, Daejeon, South Korea). The samples were directly sent to Korea for extraction and sequencing. Fungal DNA was extracted and isolated using SolGent purification beads at this company. Internal transcribed spacer (ITS) sequences of nuclear ribosomal DNA were amplified using the universal primers ITS1 (5'-TCC GTA GGT GAA CCT GCG G -3'), and ITS4 (5'-TCC TCC GCT TAT TGA TAT GC -3'). Then amplification was performed using the polymerase chain reaction (PCR) (The GeneAmp® PCR System 9700 thermal cycler, Applied Biosystems, Foster City, California, USA). The PCR reaction mixtures were prepared using SolGent EF-Taq and the PCR product was then purified with the SolGent PCR Purification Kit-Ultra prior to sequencing in sense and antisense direction (Refer to Moubasher et al. 2016 Moubasher et al. , 2017 . Contigs were created from the sequence data using the CLCBio Main Workbench program. The sequence obtained from each isolate was further analysed using BLAST from the National Center of Biotechnology Information (NCBI) website. Sequences obtained together with those retrieved from the GenBank database were subjected to the Clustal W analysis using MegAlign software version 5.05 (DNASTAR Inc., Madison, Wisconsin, USA) for the phylogenetic analysis (Thompson et al. 1994) . Sequence data were deposited in GenBank and accession numbers are given for them.
Results & Discussion
The yeast isolates were characterized using phenotypic, physiological and molecular methods while filamentous fungi were identified using only phenotypic characteristics based on macro-and microscopic features. Representative strains of the species recovered are deposited at Assiut University Mycological Center Culture Collection (AUMC) and ITS gene sequences of the yeast strains were deposited at the National Center for Biotechnological Information (NCBI) and accession numbers are given for them (Tables 2, 3) .
A. Fungi recovered from flowers of ornamental plants
Sixty-three genera represented by 192 species and 2 varieties were recovered from 20 samples of flowers of ornamental plants on the three media. The highest total number of CFUs was recovered on DG18 (94084 CFUs) while the lowest count on MY50G (67355 CFUs). The broadest spectrum of genera and species (59 genera and 162 species) was collected on DRBC and the narrowest (19 and 66) on MY50G (Table 4) .
Yeasts represented a small proportion of CFUs ranging from 0.18 % on MY50G to 2.03 % on DRBC, 16 out of 20 samples on DG18 and 4 samples only on MY50G. Eighteen species of yeasts belonging to 13 genera were isolated. Cryptococcus (C. albidus var. kuetzingii), Metschnikowia (2 species), Naganishia (N. diffluens), and Rhodotorula (2 species) were recovered on the three isolation media, and these were the most commonly encountered yeast species. Candida (2 species), Filobasidium (2 species), Galactomyces (G. candidus), Meyerozyma (M. guilliermondii), Papiliotrema (P. flavescens), Sporidiobolus (S. metaroseus), and Vishniacozyma (2 species) were recovered infrequently on DRBC and DG18, while Hannaella zeae and Pichia kluyveri were recovered on DRBC only (Table 4) . Results revealed that, some yeast species were commonly isolated from most types of flowers, however others were characteristic of only flowers from one plant species (Table 5) .
Nectar-inhabiting microfungi in Europe, South Africa, and elsewhere seem to be characterized by a similarly low level of species diversity, with Metschnikowia reukaufii being one of the dominant species (Brysch-Herzberg 2004 , de Vega et al. 2009 , Herrera et al. 2010 , Lachance et al. 2011 , Schmitt 2014 (Belisle et al. 2012) . Nectars of hummingbird-pollinated Mimulus aurantiacus are dominated by specialized ascomycetes, such as M. reukaufii and Candida rancensis (Belisle et al. 2012) . Saccharomyces cerevisiae together with Candida lambica (teleomorph Pichia fermentans), Candida tropicalis, Debaryomyces hansenii, and Candida guilliermondii (teleomorph Meyerozyma guilliermondii) were detected in the nectar of Hibiscus rosa-sinensis (Misra et al. 2012) . Cryptococcus adeliensis and Cryptococcus uzbekistanensis were isolated from wild flowers in Yokjido, Gyeongsangnam-do, Korea (Hyun & Lee 2014) . Starmerella syriaca was member of the Starmerella clade, it is closely relative to Candida vaccinia, isolated from Malva sp. flowers in Syria (Sipiczki 2015) . Species of the genera Candida, Rhodosporidium, Cryptococcus, and Rhodotorula were recovered from fleabane flowers Erigeron annus (L.) Pers. in Uljin, Korea (Kim & Kim 2015) . Metschnikowia reukaufii was the most frequent yeast species followed by Metschnikowia gruessii and Cryptococcus carnescens from flowers in Canary Islands (Mittelbach et al. 2015) .
Filamentous fungi were recovered from all flower samples on the three isolation media, constituting 97.97 % (on DRBC) -99.82 % (on MY50G) of the total fungal CFUs. The number of filamentous taxa registered on DRBC (46 genera and 144 species) was higher than those registered on DG18 (32 and 97) or on MY50G (15 and 62). Aspergillus (43 species, basically A. brasiliensis, A. flavus, A. niger, A. sydowii, and A. terreus), Cladosporium (9, basically C. cladosporioides, C. herbarum, C. oxysporum, and C. sphaerospermum) , and Penicillium (23, basically P. chrysogenum and P. solitum) were the most common genera encountered from all samples on the three isolation media followed by Alternaria (16, basically A. alternata and A. chlamydospora) (Wingfield et al. 1988 , Wingfield & Van Wyk 1993 , Marais & Wingfield 1994 , 1997 , 2001 , Marais et al. 1998 , Lee & Crous 2003 , Lee et al. 2003 , 2005 .
Fungi recovered from flowers of edible fruit plants
Seventy-one genera represented by 176 species and 3 varieties were recovered from 24 samples of flowers of edible fruit plants on the three media. The highest total number of CFUs was recovered on DG18 (90574 CFUs/g) while the lowest count on MY50G (42188 CFUs). The broadest spectrum of genera and species (64 genera and 153 species) was collected on DRBC and the narrowest (22 and 72) on MY50G (Table 4) .
Yeast counts contributed a small proportion of total CFUs ranging from 0.38 % on MY50G to 7.55 % on DRBC, 20 out of 24 samples on DG18 and 10 samples only on MY50G. Twenty-four species assigned to 17 genera were yeasts. Candida (4 species, mainly C. riodocensis and C. vaccinii), Metschnikowia (2 species, M. sinensis and M. viticola), Meyerozyma (M. guilliermondii), and Vishniacozyma (V. carnescens) were the most commonly encountered yeast species, recovered on the three isolation media. Cryptococcus (C. albidus var. kuetzingii), Filobasidium (2), Galactomyces (G. candidus), Naganishia (N. diffluens), Papiliotrema (P. flavescens), Pichia (P. kluyveri), Rhodotorula (2), and Sporidiobolus (S. metaroseus) were recovered infrequently on DRBC and DG18, while Schwanniomyces vanrijiae var. vanrijiae and Trichosporon asahii were recovered on DRBC, Lodderomyces elongisporus on DG18, and Debaryomyces nepalensis on MY50G only (Table 4) . Results presented in Table ( 5) revealed that, some yeast species were common and isolated from the four types of flowers, however others were characteristic of only flowers from one plant species.
In Colombia, Gaviria & Osorio (2012) found that Cryptococcus laurentii, C. flavescens, C. nemorosus, C. heveanensis, Pichia kluyveri, Pseudozyma tsukubaensis and Candida asparagi were presented in the inflorescences of mango (Mangifera indica), while Candida leandrae, Cryptococcus laurentii, Candida parazyma, Aeurobasidium pullulans and Pseudozyma tsukubaensis were predominant species in flowers of Lulo 'Arboreo' (Solanum wrightii). Candida kunwiensis, phylogenetically related to the genus Metschnikowia, was isolated from sweet potato (Ipomoea batatas) flowers in Korea (Hong et al. 2003) . In southwest Slovakia, Metschnikowia pulcherrima and Aureobasidium pullulans were the most frequently isolated species from blossoms of apple (Malus domestica Borkh.), pear (Pyrus communis L.), and plum trees (Prunus domestica L.), while Barnettozyma californica, Candida boidinii, C. catenulata, C. tropicalis, Cryptococcus albidus, Debaryomyces hansenii, Meyerozyma guilliermondii, Pichia kudriavzevii, Saccharomyces cerevisiae, and Wickerhamomyces anomalus were less frequent (Vadkertiová et al. 2012) .
Cryptococcus flavescens, C. victoriae, C. tephrensis, C. heimaeyensis, C. oeirensis and C. stepposus were the most abundant detected from strawberry flowers in Lamezia Terme, Southern Italy (Abdelfattah et al. 2016) .
Filamentous fungi were recovered from all flower samples on the three isolation media (54 genera and 155 species), constituting 92.45 % (on DRBC) -99.62 % (on MY50G) of the total fungal CFUs. The number of filamentous taxa registered on DRBC (50 genera + 132 species) was higher than those registered on DG18 (30 + 103) or on MY0G (16 + 64). Aspergillus (34 species, mainly A. flavus, A. niger, A. ochraceus and A. terreus) , Cladosporium (6 spp., mainly C. cladosporioides, C. herbarum, C. oxysporum and C. sphaerospermum), and Penicillium (21 spp., mainly P. chrysogenum, P. olsonii and P. solitum) were the most prevalent genera encountered from all samples on the three isolation media followed by Alternaria (14 spp., mainly A. alternata and A. chlamydospora), Stemphylium (3 spp., S. botryosum and S. sarciniforme), Epiccocum (E. nigrum), and Fusarium (10 spp., F. incarnatum and F. verticillioides) while Lasiodiplodia (L. theobromae), Talaromyces (6 spp., mainly T. pinophilus and T. variabilis), Rhizopus (2, mainly R. arrhizus), Pleospora (P. herbarum), Pyrenophora (P. biseptata) and Quambalaria (Q. cyansensis) were infrequently isolated on the three isolation media (Table 4) .
Some species were reported only on the low water activity media but not on DRBC and these were: Aspergillus oryzae, A. wentii, Chaetomium sp., Cladosporium ramotenellum, Penicillium sclerotiorum, P. vinaceum, Phialaphora cyclaminis, and Scytalidium japonicum were isolated on DG18 only. However, Aspergillus niveus was recovered on MY50G only.
In Pretoria, South Africa, the most prevalent filamentous fungal species in mango flowers were Alternaria alternata, Cladosporium cladoporioides, and the yeast-like Aureubasidium pullulans (De Jager 1999) . Cladosporium cladosporioides and C. tenuissimum were identified as the pathogens causing blossom blight in strawberries in Korea (Nam et al. 2015) . In Lamezia Terme, Southern Italy, Botrytis spp. (basically B. cinerea) and Cladosporium spp. (basically C. sphaerospermum) were the most dominant genera in the strawberry flowers while Alternaria alternata, Aureobasidium pullulans were less abundant (Abdelfattah et al. 2016) . 
